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(54) Title: ANTIBACTERIALS MUTILINS 

(57) Abstract: A compound of formula (I) wherein R and R 2 together with the nitrogen atom to which they are attached form pyrro- 
lidinyl or piperidinyl, Ri is a group of formula (II) R 3 and R' 3 are hydrogen, deuterium or halogen, R4, R3 and R l0 are independently 
of each other hydrogen or alkyl, R6, R 7 and R« are hydrogen or deuterium; R* is amino, alkyl, aryl, heterocyclyl or mercapto; and, 
if X is oxygen, R9 is additionally hydrogen; R^o is alkyl, X is sulphur, oxygen, NR 10 , or N+flR'iok; Y is sulphur or oxygen, and m 
is 0, 1 or 2; with the proviso that, when R and R 2 together with the nitrogen atom to which they are attached form piperidinyl, m is 
O, Y is S and Y is attached in position 3 of said piperidine ring, that group of formula (I) which is attached to the piperidine ring via 
the residue Y is either in the (^-configuration or in the (R>configuration, preferably in the (S) -configuration which is e.g. useful 
as antimicrobial, antibacterial. 



WO 02/22580 



PCT/EP01/10502 



ANTIBACTERIAL MUTILINS 



The present invention relates to compounds having e.g. antimicrobial, such as antibacterial, 
activity; more specifically the present invention relates to mutiiins. 

5 In one aspect the present invention provides a compound of formula 



wherein 

R and R 2 together with the nitrogen atom to which they are attached form pyrrolidinyl or 
piperidinyl, 
10 Rt is a group of formula 



R 3 and R' 3 are hydrogen, deuterium or halogen, 
R4 is hydrogen or alkyl, e.g. (C t ^)alkyl t 
R 5 is hydrogen or alky!, e.g. (Chalky!, 
Re, R? and Re are hydrogen or deuterium; 

R 9 is amino, alkyl, aryl, heterocyclyl or mercapto; and, if X is oxygen, R9 is additionally 
hydrogen; 

R10 's hydrogen or alkyl, e.g. (C^alkyl, 
R\ 0 is alkyl, e.g. (C^alkyl, 

X is sulphur, oxygen, NR 10 , or N*(R f 10 )2 in the presence of an appropriate anion; 
Y is sulphur or oxygen, and 
misO, 1 or2; 

with the proviso that, when Rand R 2 together with the nitrogen atom to which they are 
attached form piperidinyl, m is 0, Y is S and Y is attached in position 3 of said piperidine ring 




I 
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that group of formula I which is attached to the piperidine ring via the residue Y is either in 
the (S)-configuration or in the (R)-configuratiqn, preferably in the (S)-conf igu ration, 
e.g. with the proviso that, when R and R 2 together with the nitrogen atom to which they are 
attached form piperidinyl, m is 0, Y is S and Y is attached in position 3 of said piperidine 
5 ring, a part of R 9 is either in the (S)-configuration or in the (R)-configuration, e.g. if R 8 is alkyl 
substituted by amino, that amine group is either in the (S)-configuration or in the (By 
configuration; e.g. with the proviso that, if in a compound of formula I m is 0, a part of 
formula I is either in the (S)-configuration or in the (R)-configuration, 
e.g. If R 9 is alkyl substituted by amino, that amine group is either in the (S)-configuration or 
10 in the (R)-configuration. 

An anion in a group of formula N + (R , 10 )2 Includes appropriate anions, e.g. anions as 
conventional in an ammonium group as a counterion. 

15 In a compound of formula I 

Ra, R'a, R4, Rst Re, R? and Ra are preferably hydrogen; 

R and R 2 together with the nitrogen atom to which they are attached form pyrrolidine or 
piperidine (with the proviso as indicated above), e.g. unsubstrtuted pyrrolidine or piperidine 
(beside being substituted by a group of formula -C(=X)R 9 ), or substituted pyrrolidine or 
20 piperidine (further subsftuted beside being substituted by a group of formula -C(=X)R 9 ), e.g. 
substituted by one or more groups which are conventional in organic chemistry, e.g. 
pleuromutilin chemistry. Preferably pyrrolidine or piperidine are unsubstrtuted (beside being 
substituted by a group of formula -CfcXJRs)). In a compound of formula I pyrrolidine and 
piperidine include a group -N(Ri) and are bound to a group -(CH^m-Y. The group -N(R0 and 
25 the group -(CH^m-Y may be vicinal or in another position In the pyrrolidine or piperidine ring, 
e.g. in positions 1,2; 1,3; 1,4; 1,5, and, in case of piperidene, 1,6; and are preferably In 
positions 1,3 or 1,4 In case of the piperidine ring and in positions 1,2 or 1,3 in case of the 
pyrrolidine ring; 

R 9 is preferably alkyl, e.g. (C^Jalkyl, such as (Chalky!, e.g. unsubstrtuted or substituted 
30 alkyl, e.g. substituted by groups which are conventional in pleuromutilin chemistry, e.g. one 
or more amino, heterocyclyl, e.g. Including a 5 or 6 membered ring containing 1 or 2 
nitrogen atoms; e.g. imidazolyl. If Ft is alkyl substituted by amino, e.g. and heterocyclyl, R 9 
Is preferably that part of an amino acid which remains if the carboxylic group Is splltt off, e.g. 
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the group -C(=X)- wherein X is oxygen can be regarded as the carbonyl part of said amino 
acid; 

X Is preferably oxygen; 
Y Is preferably sulphur, and 
5 m Is preferably 0 or .1. 

If not otherwise defined herein heterocycly! includes a 5 or 6 membered ring having 1 to 4 
heteroatoms selected from S, O and N; e.g. N; optionally condensed with a further ring 
(system), e.g. condensed with a phenyl ring; e.g. or condensed with a heterocyclyl ring. 
10 Heterocyclyl includes unsubstituted or substituted heterocyclyl, e.g. substituted by groups 
which are conventional in organic chemistry, e.g. pleuromutilin chemistry. Alkyl includes 
(Ci-ejalkyl, e.g. (C^aikyl. Aryl includes phenyl. Amino includes a free amine group, alkyl- 
and dialkylamlne. 

15 In another aspect the present invention provides a compound of formula I, wherein 
Ra. R'a. Fl*. Rs. Rs. R7 and Rs are hydrogen; 
Ri is a group of formula 



R and R2 together with the nitrogen atom to which they are attached form piperidine or 
20 pyrrolidine; R 9 is alkyl; X is oxygen; Y is sulphur; and m is 0 or 1; 



attached form piperidinyl, m Is 0, Y is S and Y is attached In position 3 of said piperidine 
ring, that group of formula I which is attached to the piperidine ring via the residue Y Is 
either in the (S)-configuration or in the (R)-conf iguration, preferably in the (S)-conf iguration; 
25 e.g. with the proviso that, when R and R 2 together with the nitrogen atom to which they are 
attached form piperidinyl, m is 0, Y is S and Y is attached in position 3 of said piperidine 
ring, a part of R 9 is either in the (S)-configuration or in the (R)-configuration, e.g. If Rs is alkyl 
substituted by amino, that amine group is either in the (S)-conf iguration or in the (Re- 
configuration; 

30 e.g. with the proviso that, if in a compound of formula I m is 0, a part of formula I Is either in 
the (S)-configuration or in the (R)-configuration, e.g. if R 9 is alkyl substituted by amino, that 
amine group is either in the (S)-configuration or in the (Reconfiguration. 




with the proviso that, when R and R 2 together with the nitrogen atom to which they are 
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In another aspect the present invention provides a compound of formula 




-v 



wherein Rap, R^p, Rep, R 7p and R^ are, index-number correspondingly, as defined above for 
Ra# R «t Re> R7 and Re; and Rsp is hydrogen or one or more substituents, preferably 
hydrogen; and if the group attached to the piperidine ring via the sulphur atom is in position 
3 of said piperidine ring and R 5p is hydrogen, then the group attached to the sulphur atom is 
either in the (S)-configuration or in the (Reconfiguration, preferably in the {S)-configuratibn; 
e.g. with the proviso that in the group attached to the nitrogen atom of the piperidine ring, 
the amine group is either in the (S)-configuration or in the (R)-configuration. 

In another aspect the present invention provides a compound of formula 




wherein R^, R^, R^, R^ and are, index-number correspondingly, as defined above for 
R3, R's, Re. R7 and Re,' Rsq is hydrogen or one or more substituents, preferably hydrogen; 
and Rq is is that part of an amino acid which remains if the carboxylic group is splftt off; e.g. 
including a compound of formula 
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wherein R' q is as defined above for Rg, 

e.g. with the proviso that In a group R„, or R f q , respectively, the amine group of the amino 
acid residue Is either in the (S)-configuration or In the (Reconfiguration. 

In another aspect the present Invention provides a compound of formula 




wherein 

Rsr, R'art Re» Rrr and Rsr, or Ras, R'as, R^, R 78 and R^, respectively, are, index-number 
correspondingly, as defined above for R3, R' 3 , R«, R 7 and R^ 

Rsr, or Rss, respectively, is hydrogen or one or more substKuents, preferably hydrogen; and 
R 1r or R 18 , respectively, is that part of an amino acid which remains if the carboxylic group is 
splitt off; e.g. wherein in a compound of formula l r the group attached to the piperidlne ring 
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via the sulphur atom is either in the (S)-conf iguration or in the (R)-configuration; e.g. 
wherein in a group R 1r or R 1s , respectively, the amine group of the amino acid residue is 
either in the (S)-configuration or in the (R)-configuration. 

5 In another aspect the present invention provides the compound, e.g. a compound selected 
from the group consisting of, 

14-0-[(N-(3-Methyl-2-amino-butu^ e.g. including 

14<)-[(N-(3-Methyl-2(R)-amino-b^^ and 
14-0-[(N-(3-MethyI-2(S)-amino-bututy^ 
10 14-O-[(N-(3-Methyl-2-amino-buturyl-piperidin-4-y0sulfanyI)acetyl]mutilin, e.g. including 
1 4-0-[(N-(3-Methyl-2(R)-amino-buturyl-piperidin-4-yl)sulf anyl)acetyl]mutilin, and 
1 4-0-[(N-(3-Methyl-2(S)-amino-butuiyl-piperidin-4-yl)sulfanyl)acetyl]mutiIin; 
1 4-0-[(N-(3-Methyl-2-amino-buty^ 
including 

1 5 1 4-0-[(N-(3-Methyl-2-amino-butyry 0-piperidine-3(S)-yI)-methylsulf anylacetylj-mutilin, and 
14-O-[(N-(3-Methyl-2-amino4Dutyry0-^ as 
140-[(N-(3-MethyI-2(S)-amino-buty^ and 
14<>-[(N-(3-Methyl-2(R)-amino-buty^ 

14-0-[(N-(3-MethyI-2-amino-butyiy^ e.g. 
20 including 

14<)-[(N-(3-Methyl-2-amino-butyryO-pyrrol^ and 
14<>-[(N-(3-Methyl-2-amino-buty^ such 
as 

14<H(N-(3-Methyl-2(R)-arrano-but^ and 
25 14-0-I(N-(3-Methyl-2(S)-amino-buty^ 

1 40-[(N-(3-Methyl-2-amino-butyiyl)-pyrroIidin-3-yl)sulfanylacetyl]mutilin, e.g. including 
14-0-[(N-(3-Methyl-2(R)-amino-buty^ and 
14<)-[(N-(3-Methyl-2(S)-amino-butyiyl)^^ 
and 

30 14-0-[(N-histidinyl-pyrrolidin-3-yl)sulfanylacetyl]mutilin f e.g. including 
4-0-[(N-(R)-histidinyl-pyrrolidin-3-yl)suifanyIacetyI]mut!fin, and 
4-0-[(N-(S)-histidinyI-pyrrolidln-3-yl)sulfanylacetyllmutlIin. 

e.g. in free form or in the form of a salt, e.g. a salt with hydrochloric acid; such as a 
hydrochloride. 
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1 4-O-[(N-histidinyl-pyrrolidin-3-yl)suffanylacety0mutiDn Is 14-0-[(N-(3-(imidazol-4yl)-2-amfno- 
proptonyl-pyrrolid!i>3-yl)sutfanylacetyl]mutnin. 

5 Compounds provided by the present invention are hereinafter designated as °compound(s) 
of the present invention". A compound of the present invention includes a compound in any 
form, e.g. in free form, in the form of a salt, in the form of a solvate and in the form of a salt 
and a solvate. A compound of formula I includes a compound of formula l pi l q , lq\ l r and l s . 

10 In another aspect the present invention provides a compound of formula I in the form of a 
salt, or in the form of a salt and in the form of a solvate, or In the form of a solvate. 

A salt of a compound of formula I includes a pharmaceutically acceptable salt, e.g. including 
a metal salt or an acid addition salt. Metal salts include for example alkali or earth alkali 

15 salts; acid addition salts include salts of a compound of formula I with an acid, e.g. 
hydrogen fumaric acid, fumaric acid, naphthalin-1 ,5-sulphonic acid, hydrochloric acid, 
deuterochloric acid; preferably hydrochloric acid or deuterochloric add. 
A compound of formula I in free form may be converted into a corresponding compound in 
the form of a salt; and vice versa. A compound of formula I in free form or In the form of a 

20 salt and in the form of a solvate may be converted into a corresponding compound In free 
form or in the form of a salt in unsolvated form; and vice versa. 

A compound of of the present invention may exist in the form of isomers and isomeric 
mixtures thereof, e.g. optical isomers, cis trans configurated isomers. A compound of the 

25 present invention may e.g. contain asymmetric carbon atoms and may thus exist in the form 
of diastereoisomeres and mixtures thereof, e.g. epimers. For example in a compound of 
formula I, that group bound via group -(CH^m-Y to the pyrrolidine or piperidine ring may be 
in the (R)- and in the (S)-confJguration, e.g. including mixtures thereof. E.g. if R 9 alkyl 
substituted by amine, e.g. R 9 is that part of an amino acid which remains if the carboxyDc 

30 group is spiitt off, said amine group in R 9 may be in the (S> or in the (R)-configuration, e.g. 
including mixtures thereof. 

Isomeric, diastereoisomeric and epimeric mixtures may be separated as appropriate, e.g. 
according to a method as conventional, to obtain pure isomers. Pure isomers may also be 
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produced as appropriate, e.g. according, e.g. analogously, to a method as conventional, 
e.g. or as described herein. 

The present invention includes a compound of the present invention In any isomeric form 
and in any isomeric mixture, with the proviso that, when R and R 2 together with the nitrogen 
5 atom to which they are attached form piperidinyl, m is 0, Y is S and Y is attached in position 
3 of said piperidine ring, that group of formula I which is attached to the piperidine ring via 
the residue Y is either in the (S)-configuration or in the (R)-configuration, preferably in the 
(S)-configuration; 

e.g. with the proviso that, when R and R 2 together with the nitrogen atom to which they are 
10 attached form piperidinyl, m Is 0, Y is S and Y is attached in position 3 of said piperidine 

ring, a part of R 9 is either in the (S)-configuration or in the (R)-configuration, e.g. if Rs Is alkyl 
substituted by amino, that amine group is either in the (S)-configu ration or In the (R>» 
configuration; 

e.g. with the proviso that, if in a compound of formula I m is 0, a part of formula I is either in 
15 the (S)-configuration or in the (R)-configuration, e.g. if R 9 is alkyl substituted by amino, that 
amine group is either in the (S)-configuration or in the (R)-configuration. 

Preferably the configuration in the mutilin ring of a compound of formula I is the same as in 
a naturally produced mutilin. 

20 

A compound of the present invention may be obtained as appropriate, e.g. according, e.g. 
analogously, to a method as conventional, or, as described herein. 

In another aspect the present invention provides a process for the production of a 
25 compound of formula I as defined above comprising the steps 
a. reacting a compound of formula 
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wherein R 3 , R 3 , R4 and R 5 are as defined above and Re, R 7 and Re are hydrogen, with 
urea or thiourea and subsequent reduction to obtain a compound of formula 




III 



R7 



wherein Y is as defined above; R 3 , R 3 , R4 and R 5 are as defined above and Re, R 7 and 
5 Re are hydrogen, 

b. reacting a compound of formula 111 as defined in step a. with optionally substituted 
pyrrolidine, methyl or ethyl pyrrolidine, piperidine, methyl or ethyl piperidine (= methyl-, 
ethyl- pyrrolidine or piperidine), respectively, carrying at the nitrogen atom a group of 
formula -C(=X)R 9 , wherein X and R 9 are as defined above, in the form of a reactive 
10 derivative, e.g. in the form of a mesylate or a tosylate; to obtain a compound of formula 




which is a compound of formula I wherein R, R 1f R 2> R 3 , Rs, R* Re, Y and m are as 
defined above and Re, R7 and R 8 are hydrogen; and, if desired, 
c. introducing deuterium into a compound of formula IV as defined in step b, to obtain a 
compound of formula I, wherein R, R 1f R 2 , R 3 , R' 3l R4, Re, Y and m are as defined 
above and Re, R7 and Re are deuterium. 



Groups may be unprotected or protected and may be deprotected in any step, if desired, 
e.g. according, e.g. analogously to a method as conventional. 
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E.g. in an optionally substituted pyrrolidine, methyl or ethyl pyrrolidine, piperidine, methyl or 
ethyl piperidine (= methyl-, ethyl- pyrrolidine or piperidine), respectively, carrying at the 
nitrogen atom a group of formula -C(=X)R 9 , wherein R 9 is alkyl substituted by amine, said 
amine group maybe protected or unprotected. Appropriate protection groups include e.g. 
5 protection groups as conventional, such as teitbutoxycarbonyl (BOC). 

If In step b. as defined above the methane- or toluenes ulphonic acid residue, respectively, 
attached to the methyl-, ethyl- pyrrolidine or piperidine ring is in the (R)-configuration a 
compound of formula IV obtained may be in a form, wherein the group attached to the 
methyl-, ethyl- pyrrolidine or piperidine ring via the sulphur atom Is In the (S)-conftguration; If 
10 In step b. as defined above the methane- or toluenesulphonic acid residue, respectively, 
attached to the methyl-, ethyl- pyrrolidine or piperidine ring is In the (S)-configuration a 
compound of formula IV obtained may be in a form, wherein the group attached to the 
methyl-, ethyl- pyrrolidine or piperidine ring via the sulphur atom is in the (R)-configuratlon 
(Walden inversion). 

15 If in step b. as defined above in a group of formula -C(=X)R 9 attached to the methyl-, ethyl- 
pyrrolidine or piperidine ring used for reaction with a compound of formula III R 9 is alkyl 
substituted by amine, e.g that part of an amino acid which remains if the carboxyllc group Is 
splitt off, wherein said amine is in the (R)- configuration, a compound of formula IV Is 
obtained, wherein said amine is In the (R)-configuratlon. If in step b. as defined above in a 

20 group of formula -C(=X)R 9 attached to the methyl-, ethyl- pyrrolidine or piperidine ring used 
for reaction with a compound of formula III R 9 is alkyl substituted by amine, e.g. that part of 
an amino acid which remains if the carboxylic group Is splitt off, wherein said amine is In the 
(S)-configuration, a compound of formula IV is obtained, wherein said amine is in the (S)- 
configuration. 

25 The production of a compound of formula I, wherein R3 and R' 3 are deuterium or halogen 
may be e.g. carried out via treatment of a compound of formula 




HO ••••< 14 

HgC''4^ 



.... CH3 

v V 
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wherein the carbon atoms carrying R 3 and R' 3> which both are hydrogen, together form a 
double bond with deuterium or halogen, e.g. F 2 , Cfe, Br 2 , to obtain a compound of formula V, 
wherein Rg and R' 3 are deuterium or halogen; and further reacting a compound of formula V 
as appropriate to obtain a compound of formula I wherein R 3 and R 3 are deuterium or 
5 halogen. 

Preferably a compound of formula II may be obtained from a compound of formula V by 
reacting a compound of formula V with a compound of formula 

Hal VI 

wherein Y t R4 and R 5 are as defined above and Hal Is halogen, preferably bromo, chloro. 

1 0 Introduction of deuterium In a compound of formula I may be carried out by treatment of a 
compound of formula I, wherein Re, R 7 and R* are hydrogen, e.g. in the form of a 
hydrochloride, with deuterochloric acid (DC!) in appropriate solvent (system); and isolation 
of a compound of formula I wherein R©, Ry and R 8 and are deuterium. If a compound of 
formula I is in the form of an acid addition salt, such as a hydrochloride, treatment of said 

15 salt with DCI may also result in the replacement of the hydrogen of said acid, e.g. In a 
compound of formula I in the form of a deuterochloride. 

Any compound described herein, e.g. compounds of formula II, III, IV, V, VI and optionally 
substituted pyrrolidines, methyl or ethyl pyrrolidines, piperidines, methyl or ethyl piperidines, 
respectively, are known or may be obtained according, e.g. analogously, to a method as 
20 conventional, e.g. or as described herein. 

The compounds provided by the present invention including compounds of formula I, 
hereinafter designated as "active compound(s) of the present invention" exhibit 
pharmacological activity and are therefore useful as pharmaceuticals. 

25 For example, the active compounds of the present invention, e.g. compounds of the 
examples, show antimicrobial, e.g. antibacterial, activity against gram positive bacteria, 
such as Staphylococci, e.g. Staphylococcus aureus, Streptococci, e.g. Streptococcus 
pyogenes, Streptococcus pneumoniae, Enterococci, e.g. Enterococcus faecium, as well as 
against Mycoplasms, Chlamydia and obligatory anaerobes, e.g. Bacteroides f ragills; in vitro 

30 in the Agar Dilution Test or Microdilution Test according to National Commitee for Clinical 
Laboratory Standards (NCCLS) 1997, Document M7-A4 Vol.1 7, No. 2: "Methods for dilution 
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Antimicrobial Susceptibility Tests for Sacteria that Grow Aerobically -. Fourth Edition, 
Approved Standard"; and in the Anaerobic Bacteria TEST according to National Committee 
for Clinical Laboratory Standards (NCCLS) VOL. 13, No. 26, Ml 1-A4, Methods for 
Antimicrobal Susceptibility Testing of Anaerobic Bacteria; Approved Standard; Fourth 
5 Edition (1997). 

The active compounds of the present invention show antibacterial activitiy in vitro (MIC 
(MS/ml)) in the Agar Dilution Test or in the Microdilution Test from about <0.01 pg/ml to 25 
pg/ml, e.g. against above mentioned bacterial species; and are active against Mycoplasms 
and Chlamydia. MIC = minimal Inhibitory concentration. 
10 The active compounds of the present invention show e.g. activity in systemic infections of 
mice determined according to the Handbook of animal models of infection. Edition Oto Zak 
and Merle A.Sande, Academic Press, 1999), e.g. against Staphylococcus, e.g. when 
administered parenterally or orally, e.g. at dosages from about 5 to 1 50 mg/kg body weight; 
e.g. the ED 6 o values for the compounds 14-0-[(N-(R)-histidinyl-pyrrolidin-3- 
1 5 yl)sulf anyiacetyljmutilin or 1 4-0-[(N-(3-methyl-2(R)-amino-butyryl)-pyrroIidine-3-yl)- 
sulfanylacetylj-mutilin is of about 1 1.0 mg/kg body weight; and the ED50 values for the 
compound 14-0-[(N-(3-methyl-2(R)-amino-buturyl)-piperidin-3(S)-yl)sulfanyl)acetyl]-mutilin, 
is In the range of 7.0 mg/kg body weight 

ED6o= Effective dosage in mg/kg body weight per application by which 50% of the treated 
20 animals are protected from death; calculated by Probit analysis (n=8 animals/group). 

In another aspect the present invention provides a compound of the present invention for 
use as a pharmaceutical, preferably as an antimicrobial, such as an antibiotic, e.g. and as 
an anti-anaerobic. 

25 

In another aspect the present invention provides a compound of the present invention for 
use in the preparation of a medicament for the treatment of microbial diseases, for example 
of diseases caused by bacteria, e.g. selected from Staphylococci, Streptococci, 
Enterococci; e.g. and of diseases caused by Mycoplasms, Chlamydia and obligatory 
30 anaerobes. 



Surprisingly the active compounds of the present invention show also activity against strains 
which are resistant against erythromycin^), tetracycline^), e.g. strains including penicillin or 
rnultidrug-resistant strains, e.g. of Staphylococcus aureus (MRSA). 
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In another aspect the present Invention provides a method of prophylaxis and treatment of 
microbial diseases which comprises administering to a subject in need of such treatment an 
effective amount of a compound of the present invention, e.g. in the form of a 
5 pharmaceutical composition. 

For prophylaxis and treatment of microbial diseases, the appropriate dosage will, of course, 
vary depending upon, for example, the active compound of the present invention employed, 
the host, the mode of administration and the nature and severity of the conditions being 
10 treated. However, In general, for satisfactory results in larger mammals, for example 
humans, an indicated dally dosage is in the range from about 0.5 to 3 g, of an active 
compound of the present invention conveniently administered, for example, in divided 
doses up to four times a day. 

An active compound of the present invention may be administered by any conventional 
15 route, preferably orally, e.g. in form of tablets, powders, capsules, suspensions; e.g. 
including non-resorbable oral formulations; or parenterally, e.g. in the form of injectable 
solutions or suspensions; or topically, e.g. in the form of nasal sprays, body solutions, 
creams, eye drops. 

The active compounds of the present invention may be administered in analogous manner, 
20 e.g. in similar doses and for similar indications, as erythromycin^), tetracycline^). 
The active compounds of the present invention may be administered in the form of a 
pharmaceutical^ acceptable salt, e.g. an add addition salt or metal salt; or in free form; 
optionally in the form of a solvate. The active compounds of the present invention in the 
form of a salt exhibit the same order of activity as the active compounds of the present 
25 invention in free form. 

In another aspect the present invention provides a pharmaceutical composition comprising 
a compound of the present invention in free form or in the form of a pharmaceutical^ 
acceptable salt; e.g. and/or in the form of a solvate; in association with at least one 
30 pharmaceutical carrier or diluent. 

Such compositions may be manufactured according, e.g. analogously, to a method as 
conventional. Unit dosage form may contain, for example, about 100 mg to about 1 g. 
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The active compounds of the present Invention are additionally suitable as veterinary 
agents, e.g. veterinary active compounds, e.g. in the prophylaxis and in the treatment of 
microbial, e.g. bacterial diseases, in animals, such as fowl, pigs and calves; e.g. and for 
diluting fluids for artificial insemination and for egg-dipping techniques. 

5 

In another aspect the present invention provides a compound of the present invention for 
use as a veterinary agent 

In another aspect the present invention provides a compound of the present invention for 
10 the preparation of a veterinary composition which is useful as a veterinary agent e.g. in the 
prophylaxis and in the treatment of microbial, e.g. bacterial diseases, in animals. 

The present invention further provides a veterinary method for the prophylaxis and the 
treatment of microbial, e.g. bacterial, diseases which comprises administering to a subject in 
15 need of such treatment an effective amount of a compound of the present invention, e.g. in 
the form of a veterinary composition. 

For use of the active compounds of the present invention as a veterinary agent, the dosage 
will of course vary depending upon the size and age of the animal and the effect desired; 
20 for example for prophylactic treatment relatively low doses would be administered over a 
longer time period, e.g. 1 to 3 weeks. Preferred doses in drinking water are from 0.0125 to 
0.05 weight by volume, particularly 0.0125 to 0.025; and in foodstuffs from 20 to 400 
g/metric ton, preferably 20 to 200 g/metric ton. 

It is preferred to administer the active compounds of the present invention as a veterinary 
25 agent to hens in drinking water, to pigs in foodstuff and to calves orally or parenterally, e.g. 
in the form of oral or parenteral preparations. 

In the following examples which illustrate the invention temperatures are in degree Celsius 
and are uncorrected. 
30 The following abbreviations are used: 
BOC: tert.butoxycarbonyl 
TFA: tr'rf luoroacetic acid 
DCC; dicyclohexylcarbodiimide 
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The numbering of the mutilin cyclus referred to in the examples Is given in the following 
formula: 

.20 

// 

OH 



; 0 '""" » 
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Examples 

Example 1 

14-0-[(N-{3-MethyI-2-amino^ 
5 A) 1 4-04(Carbamidovlsutfanvnacetvrimutllln-tosvlate 

A solution of 1 5.2 g of thiourea and 1 06.4 g of pIeuromutilin-22-O-tosylate in 250 ml of 
acetone Is heated under reflux, solvent is removed under reduced pressure and 100 ml of 
. hexane are added. A precipitate forms, is filtrated off and dried. 
1 4-O-[(Carbamidoylsulfany0acetyl]mutll!n-tosylate is obtained. 
10 B) 1 4-Mercapto-aceM-mutHfri 

A solution of 4.7 g of sodium pyrosulf Ite (Na 2 S 2 0 6 ) in 25 ml of H z O Is added to a solution of 
12.2 g of 14-0-[(carbamimidoylsulfanyl)acetyQmutilin-tosylate in a mixture of 20 ml of 
ethanol and 35 ml of H 2 0 (warmed to ca. 90°). 100 ml of CCI 4 are added to the reaction 
mixture obtained and the mixture Is heated under reflux. The two-phase system obtained is 
15 separated, the organic phase is dried and the solvent is evaporated off. 
14-Mercapto-acetyl-mutilin is obtained. 
C) N-BOC-3ffiVHvdroxv-p?Deridfne 

A suspension of 3.48 g of 3-(R)-hydroxypfperidfne f 8.72 g of dl-tert.butyl-dicarbonat and 4.0 
g of N-metyl-morphoIine In 70 ml of dioxane is stirred at room temperature. From the 
20 mixture obtained the solvent is evaporated off and the evaporation residue is dissolved in 
CH 2 CI 2 and extracted with 1N HCI. The organic phase is dried and the solvent is evaporated 
off. 

5.08 g of N-BOC-3(R)-Hydroxy-piperidine are obtained which can be used without further 
puification for further reaction. 

25 D) N-BOC-3(RVmethvlsulfonvlbxvH3iperidine 

A solution of 5.08 g of N-BOC-3(R)-Hydroxy-piperidine and 8.7 g of methanesulfonic acid 
anhydride In 1 00 ml of pyridine is stirred at room temperature. Pyridine is distilled off under 
high vacuum and the distillation residue obtained is dissolved in Cl-feCfe, which is extracted 
with 1 N HCI. The organic phase obtained is dried and the solvent is evaporated off to 

30 dryness. The residue is purified by chromatography. 

3.8 g of N-BOC-3(R)-methylsulfonyloxy-piperidine are obtained. 
'HNMRfCDCfe): 4.7(m,1H f CHOS0 2 CH 3 ), 3.2-3.6(m,4H.CHN), 3.0(s,3H,CH 3 SO2), 
1.4<m,9H f tert.butyl). 
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E> 14-Q-rfN-BOC-Piperidfn-3fS)-vlVsulfanvlacetvn-mutil&i 

A solution of 1 .97 g of 22-mercapto-acetyI-pleuromutiIin, 1 .39 g of N-BOC-3(R)-methyI- 
sulfonyloxy-piperidine and 0.12 g of sodium in 50 ml of EtOH Is heated to 90°. The solvent 
of the mixture obtained is evaporated off to dryness under vacuum and the residue is 
5 subjected to chromatography. 2.5 g of 140-t(N-BOC-Piperidin-3(S)-yl)-sulfanylacetyll- 
mutilin are obtained. 

1 HNMR (CDCI 3 ): 6.45, 5.35 f 5,2 (axm.HtfeHso.H^), 5.74 (d > 1H,5 t 2Hz,H l4 ) l 3.35 (d,1H, 
H tl ,J=5.2Hz), AB-system: 3.12,3.18, (J=14.7Hz,H22), 3.2, 2.95, 2.65, 2.6 ^xm^HaNCHg), 
2.85 (m f 1H,SCH),1.18, 1.45 (2xs,(CH3) l5 ,(CH3) 18 ), 0.75,0.88 (2xd,(CH3)i6,{CH3) 17 ^=5.4H2) 
10 R 1 4-O-U N-r3-Methvl-2mVamfno4)uturvn-piper^^ in the 

form of a hydrochloride 
A solution of 280 mg of 14-O-[(N-BOC-Piperidin-3(S)-yl)-sulfanylacety0-muti!in in 20ml 
methylenchloride and 1 ml TFA is stirred at room temperature for ca. 30 minutes and the 
solvent of the mixture obtained is evaporated off to dryness. To the evaporation residue 
15 obtained, dissolved in 40 ml of CHzCfe, 55 mg of N-metytmorpholine, 1 10 mg of N-BOC-(R)- 
valine and 105 mg of DCC are added. The mixture obtained is stirred and precipitated 
dicyclohexylurea is filtrated off. The solvent from the filtrate obtained is evaporated off and 
the evaporation residue is subjected to chromatography. 1 4-0-[(N-(3-Methyl-2(R)-(N-BOC- 
amiho)-buturyl)-piperidin-3(S)-yl)sulfany0acetyl]mutjlin is obtained and is treated with TFA. 
20 The solvent of the mixture obtained is evaporated off to dryness and the evaporation 
residue is treated with etheric HCI. Solid, amorphous 14-0-[(N-(3-methyl-2(R)-amino- 
buturyO-pfperidin-3(S)-yl)sulfanyl)acetylImutflin in the form of a hydrochloride is obtained. 
1 HMR(d 6 -DMSO, 330K): 6.45, 5.35, 5,2 (3xm,H 19 ,H 2 o,H 2 ,), 5.74 (d,1H,5,2Hz,H l4 ), 5.45 
(d,1H,NH,J=7.8Hz), 4.1 (m,1H,NHCHCO), 3.35 (d.lH.H^^^Hz), AB-system: 3.12, 3.18, 
25 (J=1 4.7Hz,H22), 3.2, 2.95, 2.65 ,2.6 (4xm,CH 2 NCH 2 ), 2.8 (m,1 H,SCH), 1 .18, 1 .46 

(2xs,(CH3) l6 ,(CH3) 18 ), 0.75, 0.88 (2xd,(CH 3 ) 16> (CH 3 ) 17 ,J=5.4Hz), 0.78, 0.84 (2xd, (CHafcCH 
J=6.8Hz) 

Example 2 

30 1 4-0-[(N-(3-Methyl-2-amino-b utu ryl-pipe ridin-4-yl)sutfanyl)acetyl]mutilin 

According to the method described in Example 1 but using the appropriate starting 
materials (e.g. 4-hydroxymethyl-piperidine Instead of 3-hydroxymethyl-piperidine) f 4-0-{(N- 
(3-Methyl-2(R)-amino-buturyl-piperidin-4-y0sulfanyl)acetyl]mutllin in the form of a 
hydrochloride is obtained. 
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1 HMR(d e -DMSO): 8.1(b l 3H,NH3+) < 6.2-6.4(m,1H,H19), 5.S5(d l 1H f H14) R '5.1-62(m l 2H v H20) > 
4.25(m,1H, NCHCO), 4.1,4.25(m,1H,NCH), 3.8-3.95(m,1H,NCH), 3.4(d,1H,H11), 3.0-3.2 
(m,2H,NCH), 2.8-2.95(m f 1 H f sCH) f 2,4(m1H,H4), 3.25-3.4(m,2H,SCH2CO), 1.08, 1.39(2xs, 
(CH3)15,(CH3)18), 0.93,0.98(2xd,6H,(CH3)2CH),0.65,0.85(2xd^^ 

5 

Example 3 

14-0-[(N-(3-Methyl-2-amino-butyryI)-p^ 
A) N-BOC-3rRVHvdroxvmethvl- D |peridine 

A suspension of 3.48 g of 3-(R)-hydroxymethyl-piperidine, 8.72 g of di-tert.butyl-dlcarbonat 
10 and 4.0 g of N-methyl-morpholine in 70 ml of dioxane is stirred for ca. lie hours at room 
temperature. From the mixture obtained the solvent is evaporated off and the evaporation 
residue is dissolved in ChtCtand extracted with 1 N HCI. The organic phase is dried and 
the solvent is evaporated off. 5.08 g of N-BOC-3(R)-hydroxymethyl-p!peridine are obtained 
which may be used for further reaction without further puification. 
15 B) N-BOC-3(RVMethvlsulfonvloxvmethvl«piperidine 

A solution of 5.08 g of N-BOC-3(R)-hydroxymethyl-piperidine and 8.7 g of methanesulfonic 
acid anhydride in 100 ml of pyridine is stirred at room temperature for ca. 22 hours. From 
the mixture obtained pyridine is evaportaed off (high vacuum) and the evaporation residue 
obtained is dissolved in ChfeCk. The organic phase obtained is extracted with 1N HCI, dried 
20 and the solvent is evaporated off. The evaporation residue is subjected to chromatography. 
3.8 g of N-BOC-3(R)-methylsulfonyloxymethyl-piperidine are obtained. 

C) 1 40-r(N-BOC"Piperidin>3fSVvn>methvlsulfanvlacetvlVmirtilin 

A solution of 1 .97 g of 22-mercapto-pleuromutllin, 1 .39 g of N-BOC-3(R)- 
methylsulfonyloxymethyl-piperidine and 0.12 g of sodium in 50 ml of EtOH is heated at ca. 
25 90°. The solvent of the mixture obtained is evaporated off and the evaporation residue 
obtained is subjected to chromatography. 2.5 g of 1 4-0-[(N-BOC-Piperidin-3(S)-yl)- 
methylsulfanylacetylj-mutilin are obtained. 

D) 1 4-CM( N"(3-Methvl-2(S)-aminO"butvrvn-piperidine-3fSVvn-methvlsulfanvlacetvl1-mutilin In 
the form of a hydrochloride 

30 A solution of 280 mg of 14-0-[(N-BOC-piperidin-3(S)-yl)-methylsulfanyIacetylJ-mutilin in 20 
ml of CH2CI2 and 1ml of TFA is stirred at room temperature for ca. 30 minutes and the 
solvent of the mixture obtained is evaporated off. The evaporation residue obtained is 
dissolved in 40 ml of CHgCfe and to the solution obtained 55 mg of N-metylmorpholine, 110 
mg of N-BOC-(S)-valine and 105 mg of DCC are added and the mixture obtained is stirred. 
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From the mixture obtained a solid (precipitated dicyclohexylurea) is filtrated off and the 
filtrate obtained Is subjected to chromatography. 14-0-[(N-BOC-(3-Methyl-2(S)-amIno- 
butyryO-piperidine-3(S)-yl)-methylsulfanylacetyl]-mutilin is obtained which is treated with 
TFA and etheric HCI. 14-04(N-(3-Methyl-2(S)-amino-butyryl)-piperidine-3(S)-yl). 
methylsulfanylacetyl]-mutilin in the form of a hydrochloride is obtained. 
1 HNMR(d 6 -DMSO): 6.1-6.2(m,1H,H19), 5.58 (d,1H,H14), 5.5-5.1 2(m,2H,H20), 4.2 
(m,2H,NCHCO,NCH), 3.75 (m,1 H, NCH), 3.42(d,1 H,H1 1), 3.28-3.35^,2^80^00), 
3.1(m,2H, SCHa), 1.08,1.36(2xs,6H(CH3) 15 ,(CH3)i8), 0.95,0.98 (2xd,6H,(CH 3 ) 2 CH), 0.65,0.83 
(2xd,6H(CH3)ie.(CH3), 7 . 

Example 4 

14-O-[(N-(3-methyl-2-amino-butyry0 

According to the method described in Example 3 but using the appropriate starting 
materials (e.g. 2-(S)-hydroxymethyl-pyrrolidine instead of 3-(R)-hydroxymethyl-p!peridine 
and N-BOC-(R)-vafine instaed of N-BOC-(S)-valine); 14-0-[(N-(3-methyl-2(R)-amlno- 
butyryl)-pyrrolidine-2(R)-yl)-methylsulfanylacetyl]-mutllin in the form of a hydrochloride is 
obtained. 

1 HNMR(d 6 -DMSO): Rotamere, 8.1(b,3H,NH3), 6.1-6.2(m,1H,H19), 5.52 (d,1H,H14), 5.5- 
5.12(m,2H,H20), 4.15(m,1H,NCHCO), 3.9(m,1H,NCH), 3.6(m,1H,NCH), 3.42(d,1H,H11), 
3.28.3.35(m,2H,SCH 2 CO),2.68,2.85(2xdd,2H,CHCH 2 S), 1 .08, 1 .36(2xs,6H(CH3) 15 ,(CH3)i8), 
0.95,0.98 (2xd,6H J (CH 3 ) 2 CH), 0.65,0.83 (2xd,6H(CH 3 ) 16 ,(CH3) 17 . 

Example 5 

1 4-0-[(N-(3-Methyl-2~a mino-b uty ry l>py rro lidin-3-y I)sulfa nylace tyljmu Ulln 
According to the method described In Example 1 but using appropriate starting materials, 
e.g. N-BOC-3(R)-methylsulfonyloxy-pyrroIidine instead of N-BOC-3(R)-methylsuIfonyloxy - 
piperidine, 1 4-0-[(N-(3-methyl-2(R)-amino-butyryl)-pyrrolidine-3-yl)-sulf anylacetyQ-mutilin In 
the form of a hydrochloride is obtained. 

1 HNMR(d 6 -DMSO,330K): 6.45,5.35,5,2 (3xm,H ie ,H 2 o,H 21 ), 5.64 (d,1 H,5,2Hz,H 14 ), 6.3, 
(b,1H,NH), 3.95 (m,1H,NHCHCO), 3.35 (d,1H,H 11f J=5.2Hz), AB-system: 3.0,3.1, 
(Jsi4.7Hz.H22), 3.2, 2.95, 2.65 ,2.6 (4xm,CH 2 NCH2), 2.8 (m,1H,SCH), 1.18,1.46, 
(2xs,(CH3) 16 ,(CH3) 18 ), 0.75,0.88 (2xd,(CH 3 ) 16 ,(CH 3 ) 17 ,J=5.4Hz), 0.86,0.84 (2xd, (CHg) 2 CH, 
J=6.8Hz). 



WO 02/22580 



-20- 



PCT/EP01/10502 



Example 6 

14-O-[(N-hIstidinyl-pyrrolfdIn-3-yI)sulfanylacety0mutnfn 

According to the method described in Example 1 but using appropriate starting materials, 
5 e.g. N,N'-BOC-(R)-hfstidine instead of N-BOC-(R)-vaDn, 4-0-[(N-(R)-histidinyl-pyrrolidin-3- 
yl)sulfanylacety!]mutilin In the form of a hydrochloride is obtained. 
'HNMR (d 6 -DMSO, 330K): 7.45,6.73 (2xs,histidine), 6.25,5.1,5,2 (3xm,H 19 ,H 20 ,H 21 ), 5.59 
(d,1 H,5,2Hz,H 14 ), 5.45 (d,1 H,NH,J=7.8Hz), 4.5 (d,1 H,NHCHCO,J=4.5Hz), 3.6.3.4 
(2xm,2H.NCH 2 CH2), 3.35 (d,1 H,H t1 ,J=5.2Hz), 3.4(m,2H,HisCH 2 ), ABX-system: 3.1 2,3.68, 
10 J=14.1Hz,6.5Hz,NCH 2 CHS), 3.2,2.95,2.65,2.6 (4xm,CH 2 NCH2), 2.7 (rn.1H.SCH), 1.18,1.45 
(2xs,(CH3) 16 ,(CH3) 18 ), 0.75,0.88 (2xd,(CH 3 ) 16 ,(CH 3 ) 17 ,J=5.4Hz). 
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Patent claims 

1 . A compound of formula 




wherein 

R and R 2 together with the nftrogen atom to which they are attached form pyrrolldinyl 

or piperidinyl, 

Ri is a group of formula 



-k 



10 R 3 and R' 3 are hydrogen, deuterium or halogen, 

R4 is hydrogen or alkyl, 
Re is hydrogen or aOcyl, 
Ret R7 and Re are hydrogen or deuterium; 

R 9 is amino, alkyl, aryl, heterocycfyl or mercapto; and, if X is oxygen, R 9 is additionally 
15 hydrogen; 

R 10 is hydrogen or alkyl, 
R' 10 is alkyl, 

X is sulphur, oxygen, NRio. or rsT(R 9 iok 
Y is sulphur or oxygen, and 

20 m is 0, 1 or 2; 

with the proviso that, when R and R 2 together with the nitrogen atom to which they 
are attached form piperidinyl, m is 0, Y is S and Y is attached in position 3 of said 
piperidine ring that group of formula I which is attached to the piperidine ring via the 
residue Y is either in the (S)-conf igu ration or in the (R)-conf iguratlon, preferably In the 

25 (S)-configuration. 
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2. A compound of formula I as defined in claim 1, wherein 
R3» R 3i R4, Rg, Re, R 7 and Re are hydrogen; 
R, Is a group of formula 



5 R and R 2 together with the nitrogen atom to which they are attached form piperidine or 

pyrrolidine; 
R 9 teaikyi; 
X is oxygen; 
Y is sulphur; and 

10 misOoM; 

with the proviso that, when R and R 2 together with the nitrogen atom to which they are 
attached form piperidinyl, m is 0, Y is S and Y is attached in position 3 of said 
piperidine ring, that group of formula I which is attached to the piperidine ring via the 
residue Y is either in the (S)-configuration or in the (R)-configuratfon, preferably in the 

15 (S)-configuratlon. 



3. A compound of formula 




H 3 CT ^CH 3 

wherein R 3p , R^, Rep, R? P and R 8p are, index-number correspondingly, as defined \n 
10 claim 1 for Ra, R' 3 , Re, R 7 and Ra; and R 5p is hydrogen or one or more substrtuents, and 

if the group attached to the piperidine ring via the sulphur atom is in position 3 of said 
piperidine ring and R^p is hydrogen, then the group attached to the sulphur atom is 
either in the (S)-configuration or in the (R)-configuration. 
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4- A compound of formula 




wherein R^, fV^, R*,, R 7q and Req are, index-number correspondingly, as defined In 
claim 1 for R 3> R' 3l Re, R 7 and R 8 ; R^ is hydrogen or one or more subsfrtuents, 
5 preferably hydrogen; and Rq is that part of an amino acid which remains if the 

carboxyllc group Is splftt off . 

5. A compound of formula 




10 wherein 

Ran Ran Re» R7r and R 8r are, index-number correspondingly, as defined in claim 1 for 
Rat R'ai Re. Rz and Re; 

Re, is hydrogen or one or more substituents, and 

R 1r Is that part of an amino acid which remains if the carboxylic group is splitt off. 

15 



20 
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wherein 

Rss» R3s> Res. R78 and R^ are, index-number correspondingly, as defined in claim 1 for 
5 Rs, Ra, Re. R? and Re; 

R5S hydrogen or one or more substituents, and 

R 18 is that part of an amino acid which remains if the carboxylic group is splftt off. 

7. A compound of any one of claims 1 to 6 in the form of a salt, or in the form of a salt and 
10 in the form of a solvate, or in the form of a solvate, 

8. A compound of any one of claims 1 to 7 for use as a pharmaceutical. 

9. A method of prophylaxis and treatment of microbial diseases which comprises 
15 administering to a subject In need of such treatment an effective amount of a 

compound of any one of claims 1 to 7. 



10, A pharmaceutical composition comprising a compound of of any one of claims 1 to 7 In 
free form or in the form of a pharmaceutical^ acceptable salt in association with at least 

20 one pharmaceutical earner or diluent. 

1 1 . A compound of any one of claims 1 to 7 for use as a veterinary agent. 
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